and reduction in man and various animal species. Am. J. Physiol. 2 I o(2) : 34.7-350. 1 g66.-The rate of methemoglobin formation and reduction in man, goats, sheep, horse, cattle, and pigs was studied. Methemoglobin formation in the various species was studied by the addition of sodium nitrite to hemoglobin solutions, and methemoglobin reduction was carried out on nitrited washed erythrocytes using glucose and glucose plus methylene blue. It appears that the susceptibility to methemoglobin formation is related to the methemoglobin reduction rate in such a way that a rapid methemoglobin formation rate is offset by a rapid methemoglobin reduction rate. Minutes the various species is shown in Fig. I . It will be noted that the oxidation rate is specific for each species studied and occurs most rapidly in those animals of the suborder Ruminantia (sheep, goat, and cow) and is slower in nonruminants (man, horse, and pig). The oxidation in sheep and goats was similar and therefore, one line was drawn to represent both species.
Methemoglobin reduction with glucose alone. When nitritetreated, washed erythrocytes were incubated with glucose, the reduction of methemoglobin was linear for the first 6 hr of incubation.
As shown in Fig. 2 , there is a marked difference between each of the species studied. The variation within a given species was usually small, and the results seen in this figure represent the average of two or more animals of the same species. With one exception (man), the animals with the most rapid reduction rate are ruminants.
Methemoglobin reduction with glucose and methylene blue. The rates of methemoglobin reduction with methylene blue and glucose (Fig. 2) again show marked differences between the various species. By comparing the results obtained with glucose with those obtained with glucose plus methylene blue (Fig. 2) , the degree of acceleration which is produced in the presence of methylene blue is seen. This acceleration is most dramatic in man and cattle where the reduction rate is increased by over sixand fourfold, respectively. The change in sheep and goats is also quite high in terms of the absolute increase; however, since the rate of reduction without methylene blue in these animals is quite high, the relative increase is just under threefold. On the other hand, the increase seen in both the horse and pig is less (I .8 and 2.4), despite the fact that the reduction in absence of the dye is also low.
DISCUSSION
Of various domestic and laboratory animals, ruminants are most frequently reported to suffer nitrate poisoning.
It is thought (I I) ity to methemoglobinemia by ruminants might also be due to the inherent differences in the susceptibility of the hemoglobin molecule to oxidation. Both the results of methemoglobin formation studies reported by Betke et al. (3) and those of the present report show that hemoglobin from ruminant erythrocytes is more easily oxidized to methemoglobin than the hemoglobin of nonruminants. Similarly, Bartels et al. (2), using potassium ferricyanide as the oxidizing agent, have shown that the hemoglobin of some ruminants (camel, yak, deer, and llama) were more easily oxidized than those of the nonruminants (man and elephant) studied. Since methemoglobin reduction using glucose as substrate, which probably more nearly represents the in vivo conditions, occurs rapidly in ruminants, it would appear that the increased susceptibility to methemoglobinemia in these animals is offset by an increased ability to reduce methemoglobin.
It would be reasonable to expect that the methemoglobin-reducing ability would be increased in those species in which the hemoglobin molecule is more susceptible to oxidation.
In order to test whether the formation and reduction of methemoglobin were related and whether methemoglobin reduction was decreased in animals whose hemoglobin was more resistant to methemoglobin formation, the time when one-half of the hemoglobin had converted to methemoglobin was plotted in minutes as a function of methemoglobin reduction per hour, using glucose as a substrate (Fig. 3) . Th e correlation coefficient computed from these results was -.8g, which is statistically significant at the .05 level (15). It would thus appear that, although there is a large variation in the rate of formation of methemoglobin and its subsequent reduction, these two physiological processes are related.
Recently (12) and those reported in this study show that these species vary greatly in their ability to reduce methemoglobin in a methylene blue-linked system. The lack of stimulation of methemoglobin reduction by methylene blue in swine and equine erythrocytes may be due either to a relative deficiency of TPNH oxidase or the ineffectiveness of the dye as a substrate for the enzyme. Such a lack of linkage has been reported in monkeys (g), and apparently was the cause of the failure of Budtz-Olsen et al. to find glucose 6-phosphate dehydrogenase activity in sheep and goat erythrocytes (7). Recent experiments in this laboratory have shown
